Dot-blot analysis of rice cultivars was performed using 14 cultivar-specific sequences identified previously by AFLP and PCR-RF-SSCP analyses as probes. DNA samples prepared from leaves by a simple method without the use of organic solvent were found to be usable for dot-blot analysis. Although more than a single grain of rice was needed as material for direct dot-blotting of genomic DNA, PCR amplification of DNA enabled detection of cultivar-specific signals in a DNA sample from a single grain by dot-blot analysis. All 31 rice cultivars examined could be distinguished from each other by analysis using ten cultivar-specific probes. Dot-blot analysis was also applied to genotyping of recombinant inbred lines (RILs), the results of which corresponded to those by electrophoretic analysis of PCR products amplified with specific primer sequences. The probe sequences deleted in 'Nipponbare' were mapped on the rice chromosome by BlastN search using all the Kasalath BAC-end sequences and by analysis of RILs and chromosome segment substitution lines (CSSLs). Dot-blot analysis using cultivar-specific sequences was found to be applicable for the identification of cultivars and genotyping of plants in rice.
Introduction
Great advances in genetic studies of rice have been made by the virtue of published data on genome sequences (Goff et al. 2002 , Yu et al. 2002 , Sasaki et al. 2002 and many DNA markers, e.g., RFLP (Harushima et al. 1998) , SSR (McCouch et al. 2002) and PCR-based markers (Rice Genome Research Program of Japan, http://rgp.dna.affrc. go.jp/). DNA markers have been used for map-based cloning of agronomically important genes, such as Xa21 (Song et al. 1995) , Hd1 (Yano et al. 2000) and sd1 (Monna et al. 2002) . Breeding lines can be selected efficiently (Singh et al. 2001) and cultivars can be identified (Akagi et al. 1997 ) with these markers. Analyses based on the PCR technique, e.g., simple sequence repeat (SSR), cleaved amplified polymorphic sequence (CAPS) (Konieczny and Ausubel 1993) , amplified fragment length polymorphism (AFLP) (Vos et al. 1995) and PCR-restriction fragment single strand conformation polymorphism (PCR-RF-SSCP) (Shirasawa et al. 2004a) , have been used as DNA markers for these purposes, as has RFLP analysis based on Southern-blot analysis. However, the electrophoresis, which is indispensable for the analysis of these DNA markers, requires much time and labor. Dot-blot analysis has been employed for construction of a rat genetic map (Yamashita et al. 2000) , identification of S haplotypes in Brassica (Fujimoto and Nishio 2003) , and identification of species in Dendrobium . Since this method does not require electrophoresis, nor even PCR in some cases, not only time and labor but also expense can be saved. In dot-blot analysis, however, specific probes which can distinguish genotypes or cultivars from others are necessary. Fujimoto and Nishio (2003) have used SP11, which is a highly polymorphic gene in Brassica, as a probe for the identification of S genotypes and F 1 hybrid cultivars. Since highly polymorphic genes such as SP11 have not been identified in rice, it is important to find specific probes to enable the application of dot-blot analysis to the genotyping of rice. Insertions/deletions (indels) of large DNA fragments may be useful as probes for dot-blot analysis. Although retrotransposons and transposons, e.g., Tos17 (Hirochika et al. 1996) and mPing (Kikuchi et al. 2003) , are large inserted DNA fragments, they cannot be used as probes for dot-blot analysis because of their multi-copy nature in the rice genome.
Recently, we found several cultivar-specific sequences in rice by AFLP and PCR-RF-SSCP analyses (Shirasawa et al. 2004a (Shirasawa et al. , 2004b . These sequences are expected to be useful as probes for the dot-blot analysis of rice. In the present study, we performed dot-blot analysis using cultivar-specific sequences, and found it to be a useful time-and labor-saving method for identification of japonica rice cultivars and genotyping of recombinant inbred lines. Table 1 shows the 31 cultivars of rice (Oryza sativa L.) we used, i.e., 27 japonica paddy-rice cultivars, one uplandrice cultivar, and three indica cultivars. Recombinant inbred lines (RILs) derived from a cross between 'Tohoku 168' and 'Kokoromachi' were provided by Mr. Kuniaki Nagano of the Miyagi Prefectural Furukawa Agricultural Experiment Station (Furukawa, Japan). Chromosome segment substitution lines (CSSLs) developed by repeated backcrossing 'Koshihikari' with a hybrid between 'Koshihikari' and 'Kasalath' were obtained from the Rice Genome Resource Center of the National Institute of Agrobiological Sciences (Tsukuba, Japan).
Materials and Methods

Plant materials
DNA isolation
Genomic DNA was isolated from a leaf by the methods of Dellaporta et al. (1983) , Edwards et al. (1991) , and Doyle and Doyle (1990) with minor modifications, and from polished grains by the methods of Edwards et al. (1991) and Ohtsubo et al. (1999) . A young leaf (0.1 g) was ground in liquid nitrogen and polished grains were crushed with pliers and ground in a mortar with a pestle. The powdered samples were suspended in DNA extraction buffer. The DNA pellets obtained by these methods were dissolved in 10 µl of 0.2 × TE containing 0.2 mg/ml RNase A. The DNA concentration in each sample was determined by DyNA Quant 200 (Amersham Biosciences, USA).
Preparation of probes
Ten digoxigenin-labeled probes of 102 bp to 563 bp derived from three dominant SCAR markers and seven cultivar-specific sequences, all of which detected a single band in Southern-blot analysis as a probe (Shirasawa et al. 2004a) , were prepared by PCR using PCR DIG Labeling Mix (Roche Diagnostics, Switzerland). Of the ten sequences used as the probes, four were obtained from 'Nipponbare' and 6 were from 'Koshihikari'. PCR primers designed by Primer3 software (Rozen and Skaletsky 2000) were used for amplification of the probe DNA. Table 2 shows the primer sequences, cultivars used as template DNAs, annealing temperature, and amplified fragment length.
In the detection of short indels, i.e., 28 bp to 45 bp, four synthesized oligonucleotides were used as the probes. The oligonucleotides labeled at the 5′ end with digoxigenin were purchased from Nihon Gene Research Lab's INC. (Sendai, Japan). Table 3 shows the nucleotide sequences of these probes, positions in the rice chromosomes, and hybridization conditions. Dot blotting of plant genomic DNA Dot blotting and hybridization were performed as described by Fujimoto and Nishio (2003) with minor modifications. The sample mixture (200 ng/µl sample DNA, 10 mM EDTA, 0.4 N NaOH) was spotted five times onto a nylon membrane (Nytran, Schleicher and Schuell, Germany) using a multi-pin-blotter (ATTO, Tokyo, Japan). The membranes were hybridized with these probes at 45°C or 68°C with or without 50% formamide in hybridization buffer, respectively. Hybridization with the oligonucleotide probes was performed at 60°C without formamide. After hybridization, the membranes were washed twice in 0.1 × SSC containing 0.1% SDS at 68°C for 20 min. The synthesized oligonucleotide probes were washed at 60°C. Signals were detected with a DIG Nucleic Acid Detection Kit (Roche Diagnostics).
Southern-blot analysis was performed as described in Shirasawa et al. (2004a) .
Sequence analysis
The cultivar specific DNA fragments from 'Koshihikari', i.e., NK61, NK63, NK64, NK66, NK67 and NK68, have been partially sequenced (Shirasawa et al. 2004a) . In order to determine these sequences, the DNA fragments were ligated into pGEM-T Easy Vector (Promega, USA), and sequenced using CEQ2000 (Beckman Coulter, USA). Three independent clones for each DNA fragment were sequenced to avoid errors caused by PCR.
Results
DNA preparation and hybridization conditions for dot-blot analysis
Amounts of genomic DNA extracted from 0.1 g leaf by the methods of Dellaporta et al. (1983) , Doyle and Doyle (1990) and Edwards et al. (1991) were approximately 3.6 µg, 4.7 µg, and 4.6 µg, respectively. To avoid misinterpretation of the results caused by the detection of false positive signals, we blotted two dots for each genomic DNA sample. Cultivar-specific signals were detected in the genomic DNAs extracted with all the methods by the dot-blot analysis using the NK68 probe (Fig. 1a) .
About 3.6 µg and 4.7 µg genomic DNAs were extracted from 10 polished grains by the methods of Edwards et al. Ohtsubo et al. (1999) , respectively, and cultivarspecific signals were detected in these genomic DNAs. However, these signals were much weaker than those of the DNA samples prepared from the leaf, and the intensities of the signals did not always differ from those of negative controls, i.e., cultivars lacking the probe sequences (Fig. 1b) . Sufficient amounts of genomic DNAs to detect cultivarspecific signals were not extracted from single polished grains. Therefore, DNA fragments amplified by PCR using the primers shown in Table 2 and the genomic DNA from a single grain as a template were successfully used to detect the cultivar-specific signals by dot-blot analysis (Fig. 1b) .
Under hybridization at 68°C without formamide, 6 probes, i.e., NK61, NK63, NK64, NK66, NK68 and KT90, detected cultivar-specific signals (Table 1) , while the other 4 probes, i.e., NK14, NK32, NK52 and NK67, detected false positive signals in the negative controls (data not shown). Hybridization at 45°C in the hybridization buffer containing 50% formamide enabled the detection of cultivar-specific signals with these probes.
Digoxigenin-labeled oligonucleotides were used as probes for the detection of 4 insertions, i.e., NK10, S3813, S13157 and C913A, because they were too short (28 to 45 bp) to be amplified by PCR. Genomic DNAs and DNA fragments amplified by PCR using the specific primers were blotted onto a membrane. Cultivar-specific signals were detected in both the genomic DNAs and the PCR products by the hybridization with the digoxigenin-labeled oligonucleotide probes (Fig. 1c) .
Analysis of rice cultivars and RILs
Dot-blot analysis using the probe NK68 detected positive signals in 20 cultivars and no signals in the remaining 11 cultivars (Fig. 2) . All 31 cultivars were distinguished from each other by the analysis using the 14 probes tested (Table 1) . For the identification of a cultivar among the 31 cultivars, 10 probes, i.e., NK10, NK14, NK52, NK64, NK66, NK67, KT90, C913A, S13157 and S3813, were sufficient.
The results of genotyping by dot-blot analysis corresponded to the results obtained by electrophoretic analysis of PCR products, except for the results obtained with NK52, amplified by using the primer pairs shown in Table 2 . Genomic Southern-blot analysis of the 31 cultivars was carried out using the NK52 probe. The presence or absence of signals obtained by the Southern-blot analysis corresponded exactly with that obtained by the dot-blot analysis. Six band sizes were detected in the Southern-blot analysis. The presence of DNA fragments amplified by PCR with the NK52-specific primers did not correspond to the presence of the specific bands in the Southern-blot analysis, suggesting that this DNA region is highly polymorphic in rice cultivars.
Dot-blot analysis was applied to genotyping of 93 RILs derived from a cross between 'Tohoku 168' and 'Kokoromachi'. NK14, NK61, NK67 and KT90, which detected polymorphism between 'Tohoku 168' and 'Kokoromachi', were used. NK67 detected positive signals in 'Tohoku 168' and 50 lines, but not in 'Kokoromachi' and the other 43 lines (Fig. 3) . This result corresponded with the result obtained by the PCR analysis.
Mapping of the cultivar-specific DNA fragments
The six sequences determined in the present study were deposited in the DNA database (DDBJ, Acc. No. AB188138-AB188143). These sequences, i.e., NK61, NK63, NK64, NK66, NK67 and NK68, were analyzed by use of the BlastX program. NK61, NK63 and NK68 showed homology to transposable elements. The other 3 cultivar- Fig. 1 . Dot-blot analysis of rice genomic DNA and PCR-amplified DNA. a. Dot-blot analysis of genomic DNA prepared from rice leaves by Doyle and Doyle (1990) (I), Dellaporta et al. (1983) (II), and Edwards et al. (1991) (III). The probe was NK68. N: Nipponbare, K: Koshihikari. b. Dot-blot analysis of genomic DNA prepared from rice grains and PCR products amplified from rice grain DNA with specific primers. The probe was NK68. c. Dot-blot analysis using oligonucleotide probes. Genomic DNA prepared from rice leaves and PCR products amplified with their specific primers were dot-blotted. The probes were S3813, S13157 and C913A. Fig. 2 . Dot-blot analysis of 31 rice cultivars using the NK68 probe. The numbers, corresponding to the numbers of the cultivars shown in Table 1 , indicate the positions of genomic DNAs blotted on the membrane.
specific sequences, i.e., NK64, NK66 and NK67, showed no homology to reported sequences. The chromosomal positions of NK14, NK32, NK52 and KT90 have been identified in the 'Nipponbare' genome sequence (Shirasawa et al. 2004a) , but the sequences of NK61, NK63, NK64, NK66, NK67 and NK68 have not. The chromosomal position of NK67 was identified to be at 100.9 cM of chromosome 12 (chr. 12) by BlastN search using all the Kasalath BAC-end sequences (Rice Genome Research Program of Japan, http://rgp.dna.affrc.go.jp/) ( Table 2) . Since the 'Kasalath' genome showed negative signals by the probes NK63, NK64 and NK68, we used 23 CSSLs, which have 'Kasalath' chromosome segments with the 'Koshihikari' background, for mapping of these DNA fragments. Although both 'Koshihikari' and 'Kasalath' were positive in the dot-blot analysis of NK66, 'Kasalath' DNA was not amplified by PCR with NK66-specific primers. Mapping of NK66 was also carried out using the 23 CSSLs. NK64 detected signals in the CSSLs except for SL208, which has the long arm of chr. 3 (30.0 cM-165.2 cM) derived from 'Kasalath'. Since NK64 detected positive signals in SL207, which has the short arm of chr. 3 (1.9 cM-73.5 cM) from 'Kasalath', it can be inferred that the sequence of NK64 is located on the long arm of 88.4 cM to 165.2 cM of chr. 3. NK63, NK66 and NK68 were negative in SL235, SL235 and SL224, respectively, and therefore their chromosome positions were identified as being 79.9 cM to 117.0 cM of chr. 11, 79.9 cM to 117.0 cM of chr. 11, and 57.2 cM to 118.8 cM of chr. 8, respectively. NK61 was mapped on chr. 11 (57.3 cM-97.3 cM) by linkage analysis using RILs between 'Tohoku 168' and 'Kokoromachi' (Table 2) .
Discussion
Dot-blot analysis using cultivar-specific sequences as probes was found to be useful for the identification of japonica rice cultivars and genotyping of RILs. This method does not require electrophoresis nor even PCR. Therefore, dot-blot analysis is a time-and labor-saving inexpensive method suitable for analyzing many samples. The most laborintensive process of this method is extraction of plant DNA. Fujimoto and Nishio (2003) and Li et al. (2004) used DNA extracted from plant tissues by the CTAB method (Murray and Thompson 1980, Doyle and Doyle 1983) for dot-blot analysis. The CTAB method is composed of many steps from homogenization of plant tissues to purification of DNA. Furthermore, organic solvent, i.e., chloroform, used in this method requires special equipment in a laboratory and proper management of its disposal. The present study showed that the method of Edwards et al. (1991) , a simple method without use of organic solvent, could be applicable to the dot-blot analysis of leaf DNA in rice.
Identification of a cultivar is important not only for management of genetic resources but also for quality control of food products containing polished rice, because the cultivar is the most important factor determining the taste of cooked rice. Therefore, a method for cultivar identification using genomic DNA isolated from grains is required. The genomic DNA isolated from rice grains showed only weak signals in the dot-blot analysis, although the same amounts of DNA were blotted as in the analysis of leaf DNA. This weak signal might be due to the low purity of DNA samples prepared from rice grains. Furthermore, a single grain is not sufficient material for dot-blot analysis. However, PCR amplification of the cultivar-specific sequences from the DNA samples obtained from a single grain enabled the detection of specific signals in the dot-blot analysis. The combined method of PCR and dot-blot analysis is considered to be useful for the analysis of many samples of rice grains.
The ten cultivar-specific sequences employed in this study were sufficient for distinguishing all the 31 cultivars from each other. Further finding of cultivar-specific sequences may enable the identification of a cultivar among all the cultivars grown in Japan. Yamashita et al. (2000) have produced 466 markers for dot-blot analysis by representational difference analysis (RDA; Lisitsyn et al. 1993 ) and have constructed a genetic map of the rat. In rice, 13 RFLP markers, including cultivar-specific sequences, have been produced by the RDA method (Kajiya et al. 1996) . Although the number of long indels (more than 50 bp) among Japanese leading cultivars is considered to be limited, short indels will be identified frequently by DNA polymorphism analysis of the rice cultivars. For example, seven short indels have been found in 44 AFLP markers, while 4 long indels being identified (Shirasawa et al. 2004a) .
Comparison of the published rice genome sequences between indica and japonica has revealed a large number of indels (Shen et al. 2004) . These indels and the cultivar- specific sequences mapped in the present study will be useful as DNA markers for mapping of genes with a segregating population from a cross between indica and japonica. Furthermore, dot-blot analysis using these markers can be applied to DNA-based selection of breeding lines in a backcross breeding of japonica cultivars with indica cultivars by identifying chromosomal regions derived from japonica or indica.
